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About the series of www.theelectronicsbook.com 


Do you have some previous knowledge about electronics? No? Excellent. 


Previous knowledge in electronics is not necessary. 


This series of www.theelectronicsbook.com will teach you step by step 
electronics and guide you how to calculate, understand and design electronic 


circuits. 


These books are written for any one from age 10 to 120 that wants to learn 
electronics as a hobby for building electronic circuits at home. Even engineers 
and electronic students in the beginning of their career can learn practical 


electronics. 
Do you want to learn how to build your own electronics lab at home? The 5" 


book on the series has detailed instructions for building home electronics lab. 


With this lab you can build your own electronic circuits. 


No part of this book may be reproduced in any form or by any 
electronic or mechanical means including information storage and 


retrieval systems, without permission in writing from the author. 


Copyright © 2012 www.theelectronicsbook.com All rights reserved. 
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More books from the series of www.theelectronicsbook.com 














The 1% book (Starting with the electronics hobby) describes the important 


basic rules of the electronic circuit. 


The 2™ book (Basic electric components) describes the most popular electric 


component that can be found at any circuit diagram. 


The 3 book (special electric components) describes what is an Integrated 
Circuit component and shows some of the most popular special components 


that can be found at most of the circuit diagrams. 


The 4" book (Digital electric components) describes the world of digital 
components used at every cellular phone, computer, camera, etc. These 
components can be used for designing complex logic circuits involved with 


other analog components from the previous books. 


The 5" book (Building your home electronics laboratory) describes step by 
step how to build a home electronics lab that can be used for building and 
testing digital and analog circuits. This book also explains how to solder, how 
to work with tools and how to builds several types of circuits on a prototyping 


printed circuit board. 
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Electronic circuits basics 


Designing and building electrical circuits is a fascinating hobby. Before 
building any electrical circuit we must learn the language called "electronics". 
Like any other language, there are some basic rules that we must know and 
understand. These rules will help us reading and designing simple and 
complicated electronic circuits. This book main target is to teach the 
electronics language to readers that are not familiar with electronics by using 
group of rules and simple equations that describe the behavior of every 
electronic component and the relationship between the components in the 


circuit. 


Basic electronic circuit can be separated to three sections: Power supply, 


wires, load. 


Power supply (battery, wall mounted transformer etc.) drives current through 
the wires to the load (Lamp, Phone, motor, TV, etc.). If you would like to 
design electrical circuit to light a lamp or powering alarm or driving a motor 
with commands from a computer, you must understand the behavior of the 
components in the design according to their datasheets that are available 
from the component's manufacturers. Understanding each component 
behavior will help you set the appropriate conditions to each one of the 
components on your design. Your goal as a circuit designer is to know how to 
choose the best components to make your design work. 

There are some basic electronic components that can be found in almost 
every electronic design. In the first book we will learn what are these basic 
components and their behavior in the electronic circuit, but first we must 


learn some basic terms and definitions. 
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Numbers Scientific notation 

Scientific notation is a method for writing very small or very large numbers in 
a short way. For example : K [Kilo] = 1000, m [mili] = 1/1000. 

Large and small numbers are very common in electronics; the following table 


describes the scientific notation for some type of numbers: 









































syntax sign name Number size 
10° p pico 0.0000000000001 
10° n nano 0.0000000001 
10° u micro 0.0000001 
10° m mili 0.0001 
10° K kilo 1,000 
10° M mega 1,000,000 
10° G Giga 1,000,000,000 
Examples: 


1. 0.003 ampere current = 3mA (3 mili ampere) or 3*10° 
2. capacitor with size of 0.0000000007 Farad = 7nF (7 Nano Farad) or 
7*10° 
3. frequency with size of 20,000,000,000 Herz = 20GHz (20 Giga Herz) or 
20*10° 
Electric wire (conductor) 
Electric wire is called a conductor because it is made of a conductive material 
that can flow current. There are many types of conductors with many 
parameters and shapes, but don't worry, there are only several common 
conductors that can be used in an electronic circuit according to the signals 
that are active in the design. We will soon find out what type of conductor 
can be used for each of our electronic designs. The conducting wire is like a 
pipe that helps the current flow from one point to another in the circuit. The 
conducting wire is usually covered with an insulating material (usually 
plastic/nylon) that prevents the conductor to be shorted with other 


conductors in the electronic circuit. Many circuits are made of a printed card 
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where the conductors are printed and are part of the card (some of them are 


hidden in internal layers of the card). 


Electric current 

Electric current is defined as a flow of electrons through a conductor (similar 
to water flow inside a pipe). Electric current is defined by size and direction. 
We can calculate the size of electric current in every conductor in the circuit 


according to the components and connections between them. 


Size of electric current in a conductor 

Electric current has the symbol "I" and measured with "ampere" units. The 
size of the electric current is relative to amount of electric charges flowing 
through the conductor during time. We will see soon how to calculate the size 


of electric current in the electronic circuit. 
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Direction of electric current 
In addition to the electric current size there is also a direction to the current 
flow inside the conductor. Direction of current inside a conductor is the 


opposite direction of the electric charges flow as can be seen in the following 


picture : 
o 900 9 9090 
° Electrons direction ) o 
Q Q O o [0] 
Glectic current direction 
Electric voltage 


Current flow inside a conductor is accomplished when there is a difference in 
the charge size between the two conductor edges. In other words, when 
there is a potential difference between two edges of the conductor. The 
potential difference is called electric voltage, this electric voltage drives the 
current flow inside the conductor. Electric voltage is marked as "V" and 


measured in "Volt" units. 


Voltage source (power supply) 

Voltage source (power supply) is a component that generates potential 
difference between its two terminals. This is the voltage of the power supply. 
There are some symbols that describe power supply in the electrical circuit 


according to the power supply type: 


4L 


DC (direct current) power supply : T 


AC (alternating current power supply): 
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Total current consumption of an electric circuit 

The total current consumption of an electric circuit is the current consumed 
from the power supply of the electric circuit to power all electronic 
components. This is the current that flows through the conductors that are 


connected to the power supply of the electronic circuit. 


Itotal I1 


The circuit above contains 3 resistors (loads), conductors and DC power 
supply. The current Itotal is the total current consumption of the circuit. 
Adding more components to the electronic circuit will raise the total current 
consumption. 

Simple electric circuit to light a LED triggered from a light sensor usually has 
total current consumption of around 50mA (50 mili ampere). Complex electric 
circuit such as PC’s mother board has total current consumption of several 
amperes. The size of current delivered by the power supply depends on the 
type of the components in the electronic circuits, the circuit designer must 
know what are the parameters of the components in order to choose the 
appropriate power supply that can deliver the required current and voltage to 


the electronic circuit. 


Resistance 

Every material has the ability to resist to current flow through it. As long as 
the resistance of the material is high, less electronic charges can flow through 
it during time, meaning less electric current. Materials with extremely high 
resistance are called insulators, materials with low resistance are called 
conductors. As long as the resistance of the material is low we can say that 


the material is a better conductor. 
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Resistance is marked with "R" and measured in ohm units : Q. 
Examples: 
1. Resistor with resistance of 10KQ (10000 ohm). 


2. The resistance of ideal conductor is 0Q. 


Insulating and conducting materials 

Resistance of insulator/conductor depends on the material and physical 
dimensions. Every material has its unique "Electrical resistivity". Conductors 
are materials with low electrical resistivity; insulators are materials with high 
electrical resistivity. Examples: 

Copper is a very good conductor because its electrical resistivity is very low; 
plastic is a very bad conductor because its electrical resistivity is very high. 
More examples of conductors: aluminum, gold, silver, steel. 


More examples of insulators: glass, wood, paper. 


Resistance vs. dimensions of the conductor 
We have learned that the resistance depends on the type of material, but it 


also depends on the dimensions of the material. Lets look on a conductive 


wire : 
A L 
<> 


R represents the resistance of the wire between its two edges. L is the wire 
length, A is the cross-sectional area, p is the electrical resistivity of the 
material. p can be found on a special table that indicates p of all kind of 


materials. 
According to the above formula, the resistance R of the wire is lower for short 


conductor as compared to a long conductor. The resistance of a thin wire (A 


is very low) is higher than a thick wire with the same length. 
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Water-electronics analogy 

Basic terms of electronics can be illustrated with water delivery system: 
Water pipe = electric wire 

Water flow = current flow 

Water pump/tower = power supply 


Water Sprinkler/tap = electric load 


In order to deliver water through the pipe to the sprinkler, a water pump 
must push the water from one edge of the pipe to the other edge. As long as 
the water pipe is thinner, less water can flow in a time unit. This is exactly 
how the electric circuit works, as long as the wire is thinner, less current can 
flow in a time unit. We will learn soon about a component in the electric 
circuit called "resistor", this component resists to part of the current flow 
through it. The analogy to "resistor" is a valve that adjusts the water flow 


through the pipe. 


Ohm's law 
First and most important law of electronics is ohm's law. This law is a formula 
that represents the relation between voltage, current and resistance as 


followed: 


R=— 

I 
R = resistance 
V = voltage 


I = current 


changing the formula can show another two representations: 
V=I*R 


I=- 
R 
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We can see by ohm's law that when resistance rises, the current is reduced. 
If we would measure the resistance of a resistor in the electric circuit and the 
voltage between its two terminals we would be able to calculate the current 
that flows through the resistor with ohm's law. For example, the following 
circuit has 5V (volt) power supply, the wire are ideal with 0 ohm resistance. 


The resistor R is 100 ohm. We can calculate the current I with ohm's law: 


T=50mA 
V=5v t R=100Q 
T= La = Ea = 0.05A = 50 *10° =50mA 
R 100 
Resistor 


Resistor is a component with constant and known resistance. The resistor has 
two terminals connected to the electronic circuit. Resistors are manufactured 
on a large range of resistances. The resistance of the resistor is defined 
during the manufacture process and usually marked on the resistor package 
with letters or color stripes code. The main function of the resistor in the 
electronic circuit is to adjust currents and voltage where it is connected. 


Resistor in the electronic circuit is marked with the letter R and has the 


3 R=100 


In the next book we will learn about common types of resistors used in the 


following symbol: 


electronic circuit. 
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Electric power 

Electric power is marked with the letter "P" and measured at Watt [W] units. 
Electric power is calculated with the 3 basic parameters of ohm's law: R, I, V 
and can be represented with the following formulas: 

P=V*I 


P — electric power , V — voltage , I — current , R — resistance. 

Resistors combinations in the electronic circuit 

There are many resistors with almost every resistance needed for the 
designer, but sometimes we have some resistors that are not exactly at the 
required resistance. In this case we can connect resistors in serial and/or 
parallel to each other in order to get the required resistance. There are three 


connection types: serial, parallel, mixed. 


What is a "Total resistance"? 

Total resistance is the measured resistance between two points of the 
electronic circuit. For example: the total resistance between two terminals of 
one resistor is the resistance of the resistor itself. But how can we calculate 
the total resistance of a complex electronic circuit like this one? We will see 


how to do that in a moment. 


R3=3000 


R4=6500 
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Connecting resistors in serial 
The total resistance of two resistors connected in serial is the sum of the two 
resistances. 


R1=100Q2 R2=1112Q 
AVA: B 


The total resistance between A, B is : 


Rs =R14+ R2=11120+4+1000=12120 


Connecting resistors in parallel 
Resistors (or any components with two terminals) connected in parallel is 
defined when the two terminal of the first resistor connected to the two 


terminal of the other resistor: 


A 


The total resistance of few resistors connected in parallel is: 
1 
1 1 1 1 
+—+—+ 
Rl R2 R3 R4 








Let's see the following example of calculating total resistance of four resistors 


connected in parallel: 


A 


R1=100Q R2=2002 &ęR3=409 R4=809 
B 


Using the formula: 


1 1 
B] PE ~ 0.01+0.005+0.025+ 0.0125 
100 200 40 80 


R =19.04Q 





The || sign is used to mark a parallel connection between two components. 


The four resistors from the last example can be written as: 
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Ras = R1||R2||R3||R4 

Adding more resistors in parallel to each other will decrease the total 
resistance. We can see that the total resistance of two or more resistors 
connected in parallel is always less than the resistance of each on of them 
separately. 

Now lets check what happens if we connect DC power supply between A,B of 
the last example. 

The total resistance calculated is 19.04 Q. 

If we use a 5V power supply that is connected between A,B we can calculate 
the total current consumption of the circuit with ohm's law : 


[= Y = 2a =0.2626A 
R 19.04 


Try to calculate the current through every one of the four resistors (the 
voltage on each resistor is 5V) and check if the sum of four currents equals to 
the total current consumption. 


Now let's look at the following circuit with two identical resistors: 
A 


R1=1000 R2=1000 


The total resistance of the two resistors is: 


1 1 | RI*R2 _ 10,000 
1 1 RI+R2 RI+R2 200 
RI R2 RI*R2 





Ry, = RIII R2 = =50Q 





If we would connect a 5V power supply between A, B we could calculate the 
total current consumption: 
Vv 5 


= =0.1A 
Ry, 50 





The voltage on each one of the resistors is 5V and the current through each 


one of them is: 
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Since the two resistors are with the same resistance and connected in 
parallel, the current through each one of them is half the total current 
consumption. We can find the following rules learned from the last example: 
1. The total resistance of two resistors connected in parallel can be calculated 
with a simple formula: 


R1* R2 
R1+ R2 


RIII R2= 





2. The total resistance of two resistors with the same resistance is half the 


resistance of each one of them. 


Mixed resistors connection 

Mixed resistors connection includes serial and parallel connection between 
several resistors in the electronic circuit. Calculating the total resistance of a 
mixed connection is done by dividing the circuit to several sub-circuits that 


includes simple connection between resistors. Look at the following circuit: 


I A R3=3000 






R1=1000 R2=1000 


This circuit is made of resistors R1,R2 connected in parallel to each other, 
resistor R3 connected in series with R1,R2, and resistor R4 connected in 
parallel. The total resistance between the power supply terminals (A, B) is: 


100*100 _ 


R3 + (R1 Il R2) = 300 + 100 II 100 = 300+ 502 
100+ 100 
ok 
Rap = R41350 = 2 = 297.50 
650 + 350 
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Power calculation of the power supply 

The power supply that deliver power to the circuit generates voltage between 
it's terminals and flows current through it's terminals to the circuit. The 
voltage of the power supply is defined by the power supply itself but the 
current driven to the circuit is defined by calculating the total current 
consumption of the circuit depending on the components of the circuit. The 
power supply will deliver the required current to the circuit but it has a 
limitation for a maximum current that can be delivered depending on the 
power supply features. 

The total power consumption of the circuit is: 

P=V*I 

I is the total current consumption of the circuit (if it is not more than the 
maximum current that can be delivered by the power supply), V is the power 
supply voltage, P is the total power consumption of the circuit (at Watt unit). 
The total power consumption of an electronic circuit depends on the 
components of the circuit. The power supply must be able to deliver this 
power to the circuit. There is also a power consumption of a component in 
the electronic circuit. The power consumption of a component can be 
calculated with Ohm's law and the Power formula if the resistance of the 
component is pure resistance. Examples: 

1. Power supply of 5V drives an electronic circuit. The total current 
consumption of the circuit is 2.5A. the total power consumption of the 
circuit is (the power required by the power supply): 

P=V*I =5¥*¥2.5=12.5W 








2. Electronic component with 300 Q resistance is connected in the 
electronic circuit. The current through this component is 0.1A. the 
power consumption of this component is: 


P=TI° * R =0.1° *300=0.1*0.1*300 = 3W 
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Waveforms 

Voltage and current can appear at several forms. Every electronic circuit 
includes one or more types of waveforms considering the components 
requirements. We will now learn what a waveform is and what types of 


waveforms are used in the electronic circuit. 


Graphic description of a waveform 
Every current signal or voltage signal in the electronic circuit are waveforms. 
Waveform can be displayed on a graph with two axes. The horizontal axis 


represents time, the vertical axis represents amplitude. 


Voltage (V) 


Time (sec) 


We will describe now two important waveforms: 


DC waveform 

DC (Direct current) waveform is a constant current or voltage in the electronic 
circuit, this signal does not change during time. For example, battery of 1.5V 
delivers DC voltage of 1.5V. the following graph represents a DC voltage 
waveform of 3V. 


Voltage (V) 


N 


m 


Time (sec) 
1 2 3 4 5 6 7 8 9 10 11 12 


The line that describes this signal is parallel to the horizontal axis; this is the 
reason for the name DC. 
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AC waveform 

AC (Alternating current) is a current or voltage signal that periodically 
changes the amplitude. This waveform has a specific pattern that always 
repeats it self. This is an example for an AC waveform named sinusoidal 


waveform: 


Voltage (V) 


Cycle time 
F 
3 
2 
1 


atten Time (msec) 
We can see that this waveform repeat it self with cycles of 20mSec (mili- 
seconds). There are many types of AC waveforms in the electronic circuit. 
These waveforms are not defined by the power supply and can be shaped 
and changed by the components of the electronic circuit. We will now see 
what the parameters of AC waveform are. 


Cycle time 

Cycle time is measured as the time interval where the signal repeats it self. 
Cycle time is marked as T and measured at seconds unit. The last graph 
showed an AC voltage with T=0.02 sec (20mSec). 

Some more examples for AC waveforms: 


Square waveform: 


Voltage (V) 


1 2 3 4 5 6 7 8 9 10 11 12 Time (mSec) 


Triangular waveform: 
Voltage (V) 


1 2 3 4 5 6 7 8 9 10 11 12 Time (mSec) 
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Frequency 
Frequency of a waveform signal is defined as the number of cycles within 1 


second, and calculated as: 
1 
IF 


Frequency is marked with f and measured at Hertz (Hz) unit. 


Examples: 
1. The frequency of the last waveform is: 


2. The frequency of a waveform with T=0.00004 sec = 40uSec is: 


1 
= = 25 
f 0.00004 


3. Radio station transmits signal with frequency of 105MHz (105 Mega Hertz) 


KHz 





Duty cycle 

Square waveforms are very common waveforms on the digital electronic 
circuits. Square waves are defined by their frequency but also by their duty 
cycle. Duty cycle is the ratio between the time that the signal is at high level 
to the cycle time of the signal (T). Duty cycle is marked as "D" and measured 


with "%". Look at the following example: 


Voltage (V) 


1 2 3 4 5 6 7 8 9 10 11 12 Time (mSec) 


The cycle time of this signal is: 
T = 30mSec 
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The frequency of this signal is: 


1 1 


= = 33.333 Hz 
30mSec 0.03 


f= 





The duty cycle of this signal is: 


p- tish) _ 0.02 _ 2 _ 56.666% 
T 0.03 3 





Peak to peak amplitude 

There are several ways to define the amplitude of a waveform, one of them is 
called "Peak to peak amplitude". Pick to pick amplitude is the distance on the 
Y axis between the lowest level to the highest level of the signal. Peak to 
peak amplitude is marked as Vp-p or Ip-p. 


Voltage (V) 


1.5 
1 
0.5 

Vp-p = 1.5-(-1.5)=3V Time (mSec) 


RMS amplitude 

RMS amplitude is calculated with the following formula: 

Vrms=Vp*0.707 (Only for sinusoidal waveform) 

Where Vp = Vp-p/2 , 0.707 is square root of 2. 

Example: the voltage from the electricity company is 115VAC. This voltage is 
115 RMS volts AC. 


© 2012 www.theelectronicsbook.com All rights reserved 20 


Starting with the electronics hobby 


AC and DC waveforms combination 


Some of the waveforms in the electronic circuit are a combination of DC 


signal and AC signal. This combination is a sum or subtraction between two or 


more signals. The following example describes a combination of 1V DC signal 


and 3Vp-p AC sinusoidal signal: 


Voltage (V) 


Time (mSec) 


Time (mSec) 


The waveform generated by adding the AC and DC waveforms is: 


Voltage (V) 


This is an AC waveform with a DC level of 1V. 
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Band width 

So far we have learned about signals with constant frequency. There are 
signals that change their frequency in time. Some of the signals are a 
combination of many signals with different frequencies. For example: audio 
signal that represents voice or music is a combination of a range of 
frequencies from 300Hz to 4KHz (4000HZz). The frequency range of a signal is 
called "Band width" and measured at Hz unit (Hertz). The band width of audio 


signal is: 
BW = 4000Hz-300Hz = 3.7KHz 


Basic concepts of the electronic circuit 

Complex electronic circuit is not different than a simple electronic circuit. Both 
circuits work on the same basic concepts and rules. Complex circuit can be 
separated to several small and simple circuits that can be examined 
individually. Understanding the basic concepts of the electronic circuit will 
help you design and understand complex circuits with many components. We 


will now learn about the basic concepts of the electronic circuit. 


Symbols 

Each component in the electronic circuit has a symbol that represents its 
terminal connections to the other components in the circuit. The symbol of 
each component is not enough to describe the component. Each symbol has 
an additional text with information that represents the value of the 
component (for example 100Q resistor), part number which is a number given 
to the component by the manufacturer and a reference designation number 
which is the serial number of the component in the specific circuit with prefix 
that describes the type of this component. Example of a resistor in the 


electronic circuit: 


R4 
1002 
CRO2JL6-22R 
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This resistor has part number CRO2JL6-22R. With this number you can find 
the datasheet of this specific resistor. The reference designation is R34 (this is 
the 34" resistor on this circuit). You can see that the prefix R of the reference 
designation is the first letter of the word "resistor". 

Sometimes the symbol includes only the reference designation and the value 


like in the following example: 


R2=50Q 


R1=100Q R3=50Q 





Power supply 
Every electronic circuit is powered with a power supply component that 
delivers energy to the circuit. In most cases the main power supply of the 


electronic circuit is a DC power supply. The symbol of DC power supply is: 


pale 
T 


DC power supply includes two terminals, a positive terminal marked with "+" 
and a negative terminal marked with "-". The positive terminal is usually 
connected to some of the components in the circuit (not all components are 
connected directly to the power supply) and the negative terminal is used as 
the ground reference point of the circuit (we will soon learn what is a ground 
in the electronic circuit). The current flows out of the power supply from the 
positive terminal through the components and back to the negative terminal 
of the power supply. Every voltage in the electronic circuit is measured 
between two points: the required measure point and the ground point (the 
negative terminal of the power supply). The circuit in the last example 


includes DC power supply, wires and 3 resistors. 
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Load 
Load is a name for every component in the electronic circuit that has power 


consumption. 


Wires 

Wires are used as a pipe for the current in the electronic circuit. The lowest 
resistance of the wire, the better the wire to the electronic circuit. 
Theoretically wires have zero ohm resistance but in practice the wire has 
small resistance (mili-ohms). Lets calculate the voltage between two edges of 
a wire with 1 ohm resistance that carries 1A current: 

Vwire=1*1=1V. 

The voltage between the two edges of the wire is 1V, this is a large voltage 
for a circuit that works on 3.3V power supply. Practically the resistance of the 
wire is around several mili-ohms, so the voltage between its two edges for 1A 


current is several mili-volts which is negligible. 
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Junction 
Junction is a connection point between two or more wires in the electronic 
circuit. There are some important rules that we need to take care when 


drawing junctions in the electronic circuit: 


Connection between 3 wires (splitting or combining wires): 


€ ,_| 


or 


Connection between 4 wires: 


In this case, when connecting 4 wire together you must add a dot on the 
connection point. By adding the dot, everyone that reads the electronic circuit 


diagram can understand that the 4 wires are connected together. 
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Bypass 

Drawing an electronic circuit sometimes requires drawing two or more 
orthogonal (crossed) wires that are not connected to each other. We have 
learned that a dot on a junction represents a connection between two 
crossing wires. Removing the dot from the junction tells us that there is no 


connection in case of four wires. 


The following example describes an electronic circuit with one Bypass: 
junction bypass junction junction 





The terminal on the top of R2 is connected to the horizontal top wire that is 
connected to the power supply. The middle horizontal wire is not connected 
to R2 because there is now dot on the top terminal of R2. 


There is another way for drawing a bypass like in the following circuit: 


junction bypass junction junction 
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Kirchhoff's current law 
Kirchhoffs current law says that the total sum of currents entering the 


junction is equal to the total sum of currents leaving the junction: 


12 12 
I1 14 I1 13 I1 12 
13 l 
11+12=13+14 11+12=13 11=12+13 


Current and voltage directions in the electronic circuit 

Analyzing an electronic circuit starts with adding arrows that represents the 
direction of currents and voltages of the circuit. We have learned that current 
flows through the component and voltage drops between the two terminals of 
the component. The terminal with the higher voltage (relative to ground) is 
marked with + and the terminal with the lower voltage is marked with -. 
There are several important rules for defining the direction of currents and 
voltages in the electronic circuit: 

Positive current flows from the + marked terminal to the — marked terminal of 
the component (except for power supply), but in case of power supply a 
positive current flows from the negative terminal to the positive terminal of 


the power supply. 


The + , - marking on a component is just a way to show the point with the 


higher voltage, for example: 


+ 
v=2vf Thi 
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In the last example V = 2v. The 2v voltage is the potential difference 
between two points, the + point and the — point. The + point is 2v higher 
than the — point. 


Let's look at the following circuit; it will help us understand the currents and 


voltages directions: it 





Vin is the power supply of the circuit, it has a positive and negative terminals 
defined by the manufacturer of the power supply. The power supply drives 
the current I1 from its negative to positive terminal. I1 is divided to 12, I3 on 
the junction point as we have learned in Kirchhoff's current law: I1 = I2 + I3. 
Defining the currents direction is the first step. The currents directions can be 
random, it is not important if I1 flows from right to left or the other way. 
Why? Because after you calculate the currents and voltages you will get the 
results for all currents. If one of the currents result is negative you should 


know that the direction is the opposite direction to what you have marked. 


Lets see how: 
In the last example we marked the currents in a way that I1 = I2 + I3. 
What happens if we would mark the currents this way (I2 changed the 


direction)? 
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From Kirchhoff's current law: 

11+]2=I3 

After calculating the currents you should get I2 as negative current: 
11+(-12)=13 -> 11=12+13 

We get the same result of currents direction. 

After we have defined the currents directions and wrote the currents equation 
we can add the arrows that define the voltages direction. As we saw, current 
flows from the + marked terminal to the — marked terminal of the 


component. 


Kirchhoff's voltage law 

Kirchhoff's voltage law describes the relation between several voltages in the 
electronic circuit as followed: the sum of voltages in each loop equals to zero. 
A loop in the electronic circuit is a closed rail that starts at one point of the 
electronic circuit and finished at the same point. Usually, for convenient all 


voltage loops are drawn at CW direction. 





This circuit has two voltage loops: Vx, Vy. The equation for Vx loop is: 

Vx : V1 + (-V2) + (-V3) = 0 

Now, lets understand what the meaning of this equation is. The voltages 
V2,V3 in this equations are marked as negative voltages because their 
direction is in opposite to the loop direction. The equation is the sum of all 
voltages inside the loop; the total sum of the voltages equal to zero. That is 
all you need to know when writing the equation of a voltage loop. So lets go 
back to the Vx loop equation; first thing is moving arguments on the equation 


from side to side: 
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Vi = V2 + V3 

This equation shows that V1 equal to the sum of V2, V3. You can see that in 
the circuit even without the equation because R2 and R3 are connected in 
parallel with R1. 

The equation of Vy loop is: 

Vy : Vin + (-V1) = 0 

Vin = V1 = V2 + V3 

Note: you can draw a third loop that includes Vin,V2,V3 and get the same 


result. 
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Open circuit and closed circuit 

Open circuit is a circuit where the current equal to zero because one of the 
wires is disconnected. 

Closed circuit is a circuit with current flow. This type of circuit has a closed 
loop of current from the positive terminal to the negative terminal of the 


power supply. 


I=0 A I=50mA 


Al ss circuit 







Closed circuit 


V=5v R=100Q V=5v R=100Q 
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Earth ground 

Voltage is a difference between two points, this is the reason that when we 
measure voltage in the electronic circuit we use two points. Since the voltage 
is the potential difference between these two points, we should define one of 
the points as a reference point of the circuit. This is the zero voltage point in 
the circuit, this point usually called "ground" or "earth ground". Usually the 
ground point of the circuit is the negative terminal of the power supply. Since 
the voltage at this point is zero, every voltage measured in the circuit relative 
to the ground point will be the voltage in the measured point minus zero. 


There are some symbols for ground in the electronic circuit: 

a ty 
Although the ground has a symbol in the electronic circuit, it is not a real 
component. The ground symbol only show where is the relative measuring 
point of the circuit. The following example shows the voltage V4. This voltage 


is measured relative to the ground point: 
V4 = Vin - 0 = Vin = V1 = V2 + V3 
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Measures in the electronic circuit 

Every circuit designer must know how to measure voltage, current and 
resistance in the electronic circuit. The most basic measuring tool is called 
multi-meter, this tool is the "eyes" of the circuit designer. With this tool we 
can "see" the voltages, current and resistance of the electronic circuit. With 
this information we can find any design problems on our circuit. A high quality 
multi-meter has two important parameters: high accuracy and the ability not 


to change the measurement result. 


What is a multi-meter? 

A multi-meter is an electronic tool that gathers 3 or more functions: voltage 
measure, current measure, resistance measure, diode measure, transistor 
measure, shortcut measure, capacitance measure and some more 
measurement capabilities. Before we start learning about the multi-meter we 
must understand how to measure voltage, current and resistance in the 


electronic circuit. 


Resistance measure in the electronic circuit 

Measuring the resistance of a resistor requires connecting the two terminals 
of the measuring tool to the two terminals of the resistor. The result is the 
total resistance between the two terminals of the measuring tool because 
sometimes we want to measure the resistance of several resistors connected 
in parallel or serial. Connecting a resistance measuring tool between two 
points of the electronic circuit measures the total resistance between these 
two points. The following picture describes how to connect resistance 
measuring tool in the electronic circuit (the resistance measuring tool symbol 


is a circle with "Q" inside): 
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Resistance measuring tool is actually a low voltage power supply that 
generates a known voltage between the two measuring points. The resistance 
measuring tool measures the current that flow through the resistance that is 
connected between the two terminals (this current is generated by the 
resistance measuring tool according to ohm's law). Since the voltage between 
the two terminals is a known voltage, the resistance result is calculated 
according to ohm's law (voltage divided by current). If we would connect a 
resistance measuring tool to a working (powered) electronic circuit we would 
get a wrong measurement result, since the resistance measuring tool 
measures the current between the two terminals according to the voltage 
generated from the measuring tool plus the current that flow through the 
terminals from the power supply of the circuit. If we would like to get a 
correct resistance measurement result we must shut down the power supply 
of the circuit to eliminate any currents through the measurement points other 
than the current generated by the resistance measuring tool. 

Since the resistance measuring tool is actually an electronic circuit, it has its 
own resistance between the two terminals. If the self resistance of the 
measuring tool is small it can effect the total resistance of the measured 
circuit (like connecting two resistors in parallel). A good resistance measuring 
tool has a very high self resistance between its two terminals that can not 
change the total resistance of the measured electronic circuit. We can prove it 
by connecting two resistors in parallel. R1 represents the electronic circuit and 
R2 represents the self resistance of the measuring tool. As long as R2 is high 
enough, the total resistance will be very close to R1, for example, if R2 (the 
self resistance of the measuring tool) is 1MQ and the measured resistor R1 is 
100, the total resistance of these two parallel resistors is: 


R1*R2 _ 100*1000000 
R1+R2  100+1000000 


In this case, the self resistance of the measuring tool does not affect the 


RIII R2 = = 99.99Q 





measured circuit. Try calculating yourself what happens if the self resistance 


of the measuring tool is 1000Q. 
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Current measuring 

In order to measure current through a wire in the electronic circuit we need 
to connect the current measuring tool in series with the wire since the 
measured current flows through the measuring tool. A good current 
measuring tool must have a very low self resistance because it should not 
effect the measured current. The following example describes how to 
measure the current I1 in the electronic circuit (the current measuring tool 


symbol is a circle with the letter "A" inside): 


Ii R2 


Vin Ri R3 


Voltage measurement 

Voltage measurement measures the voltage difference between the two 
terminals of the measuring tool. Usually a voltage measurement is made 
between one point and the ground of the electronic circuit since all voltages 


are relative to the ground point (zero voltage point). 
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Using a multi-meter 
There are many types of multi-meters but the concept is always the same. 


The following picture describes a standard multi-meter: 


COM 10ADC VOmA 


O O Q 


Multi-meter works with an internal battery (usually 9V), when the battery is 





low it will alert on the screen with a sign of a battery. Multi-meter has a 
digital display that shows the measure result (voltage, resistance, current, 
etc.). Every standard multi-meter has 3 terminals, but only two of them are 
used during every measure process. Two wires are connected to two of the 
three terminals. These two wires are the measurement terminals of the multi- 
meter. The multi-meter in this example has 4 modes: 

DCV — DC voltage measure. 

DCA — DC current measure. 

ACV — AC voltage measure. 


Q - resistance measure. 


The COM terminal is used as the negative terminal. All other terminals are 
used a the positive terminals. The VQmA terminal is used for measuring 
voltage, resistance and current. 10ADC terminal is used only when the 
selected mode arbiter is at 10A, in this case currents up to 10A can be 


measured. Resistance measure is made by connecting the two terminals of 
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the multi-meter to the circuit and setting the selected mode arbiter to the 
required resistance range. If we have selected a too small resistance range, 
the result will be "1". In this case we should change the mode arbiter to a 
higher resistance range. The resistance range arbiter should be as closed to 


the measured resistance in order to get a result with the best accuracy. 
Safety instruction: in order to avoid electric shock, you must avoid 


touching the multi-meter terminals when measuring high and 


dangerous voltages. 
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Oscilloscope 

Oscilloscope is a measuring tool that shows the waveform on its screen in real 
time. The oscilloscope usually used to display AC signals because AC signal 
has a constant pattern that repeat it self (the cycle time of the signal). The 
oscilloscope helps us to measure the cycle time, amplitude, frequency and 
many more parameters of the signal. Since the oscilloscope is an expensive 
tool it is not usually used for home electronics. The following picture describes 


the display of the oscilloscope that shows a sinusoidal signal: 





You can see on the top of the display a text indicating that each vertical 
square represents 5V and each horizontal square represents 1.00mSec. The 
Pick to Pick amplitude in this example is 30V (6 vertical squares) and the 


frequency is 1KHz (one 1mSec square). 
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Exercise: 


The following exercise summarizes the rules that you have learned in this 


book. Look at the following circuit with 4 resistors and DC power supply: 
R1=100Q, R2=1002, R3=2002, R4=1002, Vin=5V 


Please calculate the currents 11,12,13 and the voltages V1,V2,V3,V4. 
It R1 R2 





Solution: 

1. Marking the direction of I1, I2, I3 currents. The currents directions can be 
random, it is not important if 11 flows from right to left or the other way. 
Why? Because after your calculations you will get the results for all currents. 
If one of the currents is negative you should know that its direction is the 
opposite direction to what you have marked. 

2. Marking direction of voltages according to the direction of the currents 
(voltage has the opposite direction of current). 

3. Marking two voltage loops: Vx, Vy. 

4. Writing the currents equations: 

I = I2 +I 

5. Writing the voltage loops equations: 

Vy: Vin - V1- V3=0 

Vx: V3-V2-V4=0 

6. Calculating the total resistance of the circuit between the two terminals of 
the power supply: 


R = R1+[R31l(R2+ R4)] 

R2+ R4=100 +100 = 200Q 

R311 (R2 + R4) = 20011 200 =100Q 
R = R1+100 = 200Q 
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7. Calculating the current I1: 
iel = -egm 
R 200 
8. Using the I1 result and ohm's law to calculate the Vx, Vy voltage loop 
equations: 
Vin =V1+V3= R1* 114+ R3*I3 
V3=V24+V4= R2*12+R4*12=12*(R2+ R4) 
9. Adding the resistors values to the equations: 
5 = 100* 0.025 + 200 * 73 
200 * 73 = I2 * (100 + 100) = 72 * 200 
_ 5—0.025*100 





I3 =12.5mA 
200 
* 
I2= Ma = 13 =12.5mA 
200 


V1 = R1* 71 = 100 * 0.025 = 2.5V 
V2 = R2* I2 = 100 * 0.0125 =1.25V 
V3 = R3 * I3 = 200 * 0.0125 = 2.5V 
V4 = R4* I2 = 100 * 0.0125 =1.25V 
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The theoretical calculations made while designing an electronic circuit are not 
the only thing needed to make the circuit work properly. Electronic circuit can 
work “on the paper” but in real life it will work differently. The reason for that 
is the fact that the electronic component in real life is not exactly the same as 
theoretical component. Real component has physical limitations and different 
level of accuracy due to the manufacture process. Every electronic component 
has few important parameters that define its operation and behavior in the 
electronic circuit. For example, every electronic component has a maximum 
temperature range. The component manufacturer has a datasheet for every 
component that defines all parameters of the component. The datasheet can 
be downloaded from the manufacturer website. Every component has a 
unique part number with prefix and suffix that sometimes define the 
manufacturer name and type of package. In this way we can choose a 
component between few manufacturers by looking at the part number that is 
almost the same except for the prefix. Before we look at the components 
available in the electronics industry we should understand how to read a part 


number of an electronic component. 
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Main features of electronic components 


Component's part number 

Part number of an electronic component helps us to know what is the name 
and function of the component, who is the manufacturer and what is the 
package type of the component. The “Part number” of a component is 
defined by the manufacturer at the same way that every TV, car, DVD or 
other product has a unique number. There are some coding rules that are 
common to most of the electronic components. Usually the part number is 
divided to three parts: prefix, sub part number and suffix. The prefix is a 
combination of numbers and/or letters that can tell us in most of the 
components who the manufacturer is. The sub part number is a unique 
number that belong only to the specific component. This is the number that 
represents the component. The suffix is a combination of numbers and/or 
letters that gives us information regarding the package type and sometimes 
the temperature range of the electronic component. Lets see some examples 
of different part numbers: 

Diodes: some of the diodes can be identified by the prefix “1N”, like 1N4007. 
Diode 1N4007 is manufactured by many manufacturers with the same part 
number. 

Transistors: some of the transistors can be identified by the prefix “2N”, like 
2N3904. 

TTL components: these components are used for logic digital design; these 
components can be identified by the prefix 74, like SN74LS04. 


Every component has a datasheet that explains the meaning of every letter 
and number of the part number. The part number is printed on the package 
of the component unless it is too small for printing on it. In case of small 
component the manufacturer can print a code with less letters or strips of 


different colors with a code explained on the datasheet. 
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Component's package 

Every electronic component can be divided to three sections: The heart of the 
component, terminals for connecting the component to the electronic circuit 
and a package that holds everything together. There are some considerations 
for choosing the package type and size of an electronic component: 

Package area on the card: as long as the packages of the components we use 
are small, we could build an electronic circuit that has small dimensions. 
Using components with small packages helps us getting a circuit with small 
size but the assembly and soldering of these small components is more 
difficult. 

Heat dissipation of the package: every electronic component dissipates heat. 
The heat generated from the heart of the component is better dissipated on 
bigger packages enabling the use of a component in high temperature 
environment. The manufacturers indicate in the datasheet a maximum 
allowed environment temperature of each component according to the 
package type. 

Distance between the terminals: the size of the component terminals and the 
distance between them is an important parameter when we solder the 
component on the electronic printed circuit board. The distance between the 
center of one terminal to the center of the terminal near him is called “pitch”. 
Components with small pitch are much difficult to solder and require 


expensive soldering equipment. 














Terminal type: there are two types of terminal/packages. Through hole, SMT. 
Most of the components are manufactured with both types of terminals to let 


the users decide the best type for each application. 
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TH Package (Through Hole) is a package with terminals inserted through 
holes of the electronic printed circuit board. These holes are the connection 
points of the terminals to the circuit. The terminals are soldered to the board 
on the opposite side of the printed circuit board. These components have big 
package size and uses both sides of the printed circuit board for each 
component (the side of the package and the side of the soldering). The 
advantage of this type of package is that it is easy to solder. Through hole 


package is the most useful package for building home electronics circuits. The 


following picture describes few through hole components: 


Fo - 


a 
Pour 
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SMT (Surface Mount Technology) also called SMD (Surface Mount Device) is a 
package with terminals soldered on the surface of the board at the same side 
of the component and not through the board. This type of package usually 
has small terminals and small package size; this is a huge benefit when you 
want to design a circuit on a small board. Another advantage of SMT 
components is that it only uses one side of the board. This way you can 
solder other components on the other side of the board. These packages are 


very common for mass production products. 





Terminal number: the manufacturers indicate the number of each terminal of 

the component in the datasheet. 

Standard dimensions: the most important dimension of a component is the 
distance between the centers of two adjacent terminals. This is the distance 
between the centers of two adjacent holes on the board. The standard 
dimension type of electronic circuit designs is called “mil”, this is 1/1000 of 
one inch (mili inch): 

Imil = 0.00 linch = 0.0254mm 


Imm ~ 40mil 

Two examples of pitch sizes: 
1. Through hole resistors with 1000mil distance between it terminals. 
2. Though hole DIP package with 100mil pitch (2.54mm) 
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Symbols of components 


Each component is described in the electronic circuit with a symbol. This 


symbol has the terminals of the component and a picture that describes the 


purpose of the component. The following table describes some of the 


common components on electronic circuits: 




































































reference symbol name 
R “AWA resistor 
WV Variable resistor 

T (potentiometer) 
n $ Variable resistor 

(trimmer) 
C |- Ceramic capacitor 
+ À ! l 
C = Capacitor with polarity 
C fF Variable capacitor 
inductor 
D — diode 
D — Zener diode 
E: I E: 
Q COK OKD D transistor 
E E 3 3 

MIC ——{}- microphone 
V 4 DC voltage source 
V A> AC voltage source 
LD — LED 
F 6+ NS fuse 
T E | E transformer 
M —(M)- engine 
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S oe Push button 
S os edoa switch 
D rs Diode bridge 
— Earth ground 
Relay aA relay 
D ff Light sensor 
Speaker {1 speaker 
R oe Light depended resistor 
J aa Mono jack 
J [A Stereo jack 
U a 0 Operational amplifier 
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Searching methods for components 

There are many components available while designing a circuit. It is very 
important to know how to find which components exists by the manufacturers 
and how to buy them. There are several ways to buy components: 

Local component store 

The local component store sells components for home electronics, technicians 
and laboratories that fix home electronic equipments (TV, DVD, etc.). The 
local electronic store has a limited stock of components according to demand 
of the customers. Although this is a limited stock, it is usually enough for 
simple home electronic circuits. If you build a complex circuit with rare 
components you might have a problem finding components on the local 
component store. You can ask the seller on the store to order specific 
components but it will cost more than the usual component in the stock. 
Component importer 

Component importer is a company that has huge stock of many types of 
components. These types of companies sell components to the local 
component stores, product manufacturers, schools and private customers. 
You can find rare components through the component importer company. 
These companies also sell tools for the electronics hobby. 

Official component distributor 

Official component distributor is a company that has an agreement with few 
manufacturers to sell their component in the country of the component 
distributor. These companies sell components for mass production product 
manufacturers and usually do not sell component on low quantities. If you 
need more than 50 components of each part number you should contact the 
component distributor of the required component in your country. You can 
find a component distributor in your country through the manufacturer 
website. 

Buying directly from the manufacturer 

You can buy components directly from the manufacturer by entering his 
website but you should pay delivery costs and a minimum quantity of dozens 


of components of each part number. 
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Component samples 
Some of the manufacturers send free samples of their component to their 


customers to encourage the customer to use their components. You can ask 
for samples through the manufacturer website under “samples” section. 
Components dealers on the internet 

Components dealers on the internet (also called jobbers) are companies that 
hold huge stock of components from many manufacturers. These companies 
sell the component though the web. You can find components at the dealer 
website and see the updated stock and prices. The prices are usually high but 
you can buy low quantity and get the component within few days. You should 
check the reliability of the dealer before you buy and component from his 


website. 


Datasheets 

Datasheet of an electronic component is the user manual written by the 
manufacturer. The datasheet has almost all required information needed for 
using the component. Some more information can be found sometimes in an 
application note written by the manufacturer too. When you decide which 
component to use you should go to the manufacturer website and download 
all relevant documentation of the component. But how do you find who is the 
manufacturer? You can write a description of the component + “datasheet” 
on the search engine. Another way for searching manufacturers is through 
dealers websites, these websites has internal search engine to almost all 
components; just type the name of the component and you will get a list of 
all manufacturers. The datasheet is a document that usually has the same 
template as followed: 

Datasheet title: the title is printed on top of every page of the datasheet 
and represents the main function of the component. Example: 100mA Low 
noise LDO micro-power regulator. 

Features: features of the component are listed on the first page; this is a 


short list that describes the important features of the component. 
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Typical applications: this is a list of applications that use this type of 
component. 

Description: this is a short description that explains how this component 
works. 

Absolute maximum ratings: this section includes a list of parameters 
(voltage, current temperature, etc.) with values that should be never 
exceeded. Violating these values could damage the component. 

Electrical specifications: this is one of the most important sections of the 
datasheet. This section is a table that describes the true operating values of 
each parameter of the component. The left column describes the parameter 
name. The right column describes the typical value (between minimum and 
maximum limits). The middle column describes the environmental conditions 
for the typical value. 

Typical operating circuit: this is a basic example circuit that includes the 
component. 

Pin configuration: this section is a picture of the terminal numbers and 
position on the component package. With this picture you can know how to 
connect the component on your circuit. 

Pin description: this section explains the function of every terminal of the 
component. 

Functional description: this section has a detailed information about how 
this component works, including all formulas needed for using this component 
in the electronic circuit. 

Ordering information: this section describes the meaning of every letter on 
the part number of the component. 

Package drawing: this section includes a physical drawing of the 
component including dimensions and pin numbering. You should always pay 


attention if the picture is the “top view” or “bottom view” of the component. 
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Datasheet exercise 
Searching for a datasheet on the internet can give many irrelevant results. 


You can learn about searching methods through the following examples: 


Search for the datasheet of a voltage regulator with part number LM317 by 
typing “LM317 datasheet” on the search engine. The results will include the 
required datasheet from many manufacturers. Download the datasheet and 
check for the sections of the datasheet according to the template described 
before. You can download same datasheet from several manufacturers and 
look for differences between them. After you found some of the 
manufacturers, you can go to their websites and try looking for this 
component through the manufacturer website (not through the search 


engine). 


Look for the datasheet of 1N4148. You can see that most of the 


manufacturers of this component are the same manufacturers of LM317 too. 


When you design an electronic circuit you should generate a library on your 
computer that includes datasheets of all components of the circuit. Keep the 
datasheets of the last two components (LM317, 1N4148), you will use them 


for building electronic circuits through this book. 


We are now going to learn about the basic electronic components used on 


every circuit. 
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Resistor 

Resistor is a component that resist to current flow though it. The resistor 
obey to ohm’s law, this is the reason that the resistor is using for tuning 
currents in the electronic circuit. The resistor is one of the most common 
components in the circuit. The resistance of each resistor is calculated and 
defined by the circuit designer according to the required currents and 
voltages in the circuit. Each resistor is manufactured with a specific 
resistance. Manufacturers have a large range of resistors on almost every 
resistance value according to some important rules. Theoretical calculation in 
the electronic circuit can defines the resistance of the resistor. Let's say that 
the resistor that we calculated is 10.23789. The resistor component has a 
specific resistance but it is impossible for the manufacturer to generate every 
required resistance. The manufacturer has a table with available values of 
resistors that the customer can buy. You should buy the closest resistor value 
to your calculations. The manufacture process of resistor (and every 
electronic component) is a complex process that can not generate an exact 
value. This is the reason that the manufacturer defines the accuracy of the 
resistor. Example: the manufacturer sells a resistor of 10KQ with accuracy of 
10%. The manufacturer is committed to a resistance value between 9KQ- 
11KQ. The circuit designer must take this range in account when using this 
resistor. If you want a better accurate resistance value you can use 1% 
accuracy resistor that is more expensive than 10% accuracy resistor. The 
accuracy of a resistor is defined in the datasheet as “resistance tolerance”. 
Simple electronic circuits for home electronics hobby can use 10% accuracy 
resistors. The values of the resistors that a manufacturer sells are defined by 
the accuracy. Let's see why; if the manufacturer sell 10KQ resistor with 
accuracy of 10% (in the range of 9KQ-11KQ), it is not reasonable that this 
manufacturer will try selling 10.5KQ resistor because this resistance is in the 
range of 10K resistor. The next resistor value can be 12KQ (with 10% 
accuracy). The following lists describe the common resistor values for 10%, 


5% accuracy: 
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Through hole resistors with 10% accuracy (at multiplications of 
10,100,1000.....): 

10,12,15,18,22,27,33,39,47,56,68,82 

Through hole resistors with 5% accuracy (at multiplications of 
10,100,1000.....): 

10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 
68, 75, 82, 91 


The following picture describes several type of resistors: 





1,2: Through resistor for maximum 0.25W power rate. 
3: Through hole resistor for maximum 0.5W power rate. 
4: SMT resistor in 2010 type package. 

5: SMT resistor in 0603 type package. 

6,7,8: Through hole resistor for high power rate. 

9: variable resistor (trimmer) for fine resistance tuning. 


10: variable resistor (potentiometer). 
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Power rate of resistors 

Resistor is a physical component that generates heat. As long as the current 
through the resistor rise, the resistor will dissipate more heat. Over-current 
should damage the resistor normal operation. Every resistor has a parameter 
called power rate (or maximum power rate), this is the maximum power 
allowed when working with the resistor. The power on a resistor can be 


calculated in several ways with the known power formula: 


P = V*I 
P = V*V/R 
P = I*I*R 


The maximum power rate is defined in the datasheet of every resistor. When 
you design an electronic circuit you must calculate the power on every 
resistor in the circuit and choose a resistor with maximum power rate of at 
least 1.5 times the calculated power. Example: the power on a 1KQ resistor 
that a 10mA current flows trough it is: 

P=0.01°*1000=0. 1W=100mW 

You should buy a resistor of 1KQ with maximum power rate of at least 1.5 
times 100mW: The closest standard power rate to 150mW is a 0.25W 


resistor. 


Through hole resistors of 5% accuracy and 0.25W power rate are 


the most common resistors for building home electronic circuits. 


Exercise: try look for a resistor on the internet; type “0.25W resistor 
datasheet” on the search engine. Download the datasheet and search for the 
following parameters in the datasheet: resistance tolerance, temperature 
range, power rating. The resistor datasheet includes a table that defines the 
range of resistances available for this type of resistor. By choosing a 
resistance value from this table you can define the part number of the resistor 


on section “ordering information” of the datasheet. 
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Resistor’s polarity 


A resistor does not have a polarity; meaning is can be connected in any 


direction in the electronic circuit with no difference between one terminal to 


the other. 


Low power rate through hole resistors 


These are the most popular resistors for building home electronics circuits. 


Their physical dimension depends on the power rate. The power rate of these 


resistors is between 0.25W to 1W. The resistance and tolerance are printed 


on the package of the resistor with a color strips code like in the following 


picture of a 0.25W resistor, 1KQ resistance (brown, black, red strips) and 


tolerance of 5% (gold strip): 


There are several color code methods. Each one of them is different in the 


number of strips printed on the resistor. The most common method is 


described in the following table for a resistor with 4 color strips: 



























































4" strip 3" strip 2" strip color 
(tolerance) (multiplier) 
X1 0 0 
1% X10 1 1 
2% X100 2 2 
X1000 3 3 
X10000 4 4 
0.5% X100000 5 5 
0.25% X1000000 6 6 
0.1% X10000000 7 7 
0.05% X100000000 8 8 
X1000000000 9 9 
+5% X0.1 
+10% X0.01 Silver 
© 2012 www.theelectronicsbook.com All rights reserved 55 


Starting with the electronics hobby 


Reading resistance color code of a 4 strips resistor: 

First and second strips are a 2 digits number. The third strip is the multiplier 
and 4" strip is the tolerance of the resistor. You can see that the distance 
between 4"" strip and 3” strip is different than distance between 1% and 2™ 


strips. 


Reading resistance color code of a 5 strips resistor: 

First, second and third strips are a 3 digits number. The 4" strip is the 
multiplier and 5" strip is the tolerance of the resistor. You can see that the 
distance between 5" strip and 4" strip is different than distance between 1° 


and 2™ strips. 


Examples: 

1. Resistor with colors: brown, black, brown, gold is a 100Q resistor with 
5% tolerance. The first two digits are 10 (brown, black) and the 
multiplier is x10 : 10x10=100Q 

2. Resistor with colors: brown, green, black, gold is a 15Q resistor with 
5% tolerance. The first two digits are 15 (brown, green) and the 
multiplier is x1 : 15x1=15Q 

3. Resistor with colors: blue, gray, gold, silver is a 6.8Q resistor with 10% 
tolerance. The first two digits are 68 (blue, gray) and the multiplier is 
x0.1 : 68x0.1=6.8Q 

4. Resistor with colors blue, gray, red, orange, silver is a 682KQ resistor 
with 10% tolerance. First 3 digits are 682 and the multiplier is x1000. 

The most popular resistors for home electronics hobby are the 0.25W, 5% 
with 4 strips resistors. The pitch of these resistors (distance between 
terminals) is 1cm=10mm=400mil. These resistors are manufactured with long 
terminals that should be shorted as needed. Since the power rate of these 
resistors is 0.25W they can work on almost every circuit as long as the power 
on the resistor is less than 0.25W. While designing an electronic circuit it is 
not necessary to read every resistor’s datasheet since the most important 


parameter of a resistor for home electronics is the maximum power rate. 
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SMT resistors 

This type of resistors is used on electronic products that must have small 
dimensions and low cost. These are very small resistors that can be found on 
several standard sizes. Bigger resistor package has higher power rate. SMT 
resistors come in a “tape and reel” package that can be installed on a special 
card assembly machine. The assembly machine takes each resistor with a 
vacuum head and places the resistor on the card for soldering. The holes 
along the tape help the machine counting the resistors taken from the tape. 
The picture on the right describes two SMT resistors; the picture on the left is 


a group of resistors mounted on a tape. 





Similar to through hole resistors, the SMT resistors are manufactured in a 
wide range of resistances tolerances. Because the SMT resistor is so small it 
does not have enough place for printing the value of the resistance, therefore 
it is printed on the reel. Since SMT resistors are packaged on a reel, it can be 


purchased only at high quantities. 


Power resistors 

Power resistors are resistors with large package. The benefit of large package 
is the ability to dissipate heat better than small package. This type of resistor 
can work in circuits where a high power rating is measured on the resistors 
(more than 1W). The power on a resistor is calculated as we have learned 
before. These resistors can be found on power supplies circuits. You can look 


for power resistors by clicking “power resistor” on the internet search engine. 
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Resistor network 
This component is simply a package that gathers together 4 or more 
resistors. This type of package can reduce the card size because it is smaller 


that four separate resistors mounted on the card. 


Circuits with resistors 
Resistors are everywhere in the electronic circuit, however we can define 


several sub-circuits repeated many times with resistors: 


Current limit circuit with resistor 
Since a resistor obeys to ohm’s law it can influence the current in the circuit. 


Lets try to light a LED by connecting it to a power supply. 


I1 


V1=5V v2 S 
N 


This circuit will not work because the power supply can damage the LED with 
over current and over voltage. We will soon learn about LEDs and we will see 
that there is a maximum voltage limit between the LED’s terminals. If the 
voltage is higher than around 3V it will damage the LED. But what happens if 
we will connect a serial resistor between the power supply and the LED? 


R1=180Q 


V1=5V 


I 
vy 


We can calculate the value of the resistor according to the LED datasheet 
parameters. The operating voltage of the LED is 1.4V when the current 


through it is 20mA. The voltage loop equation is: 
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V, =(R, *1)+V, 

5—1.4= R, *0.02 

= 21806 
0.02 


The resistor takes some of the voltage from the power supply to let the LED 


work as defined in the datasheet. 


Voltage divider circuit with resistors 

Voltage divider is a two resistors circuit. When the two resistors are 
connected serially, the voltage from the power supply is divided between 
them according to the resistance of each one of them. 


R2 I 


+ 
Vin “f Ri 


The total current is: 
I= Vin 
Ri + Ry 





The voltage over R1 is: 


Vin _Vin* R, 


V =R*I=R* 
R +R, R +R, 








The voltage divider formula is: 
R, 


V =V* 
R +R, 





One example for a circuit that uses voltage divider is a light sensor that turn 
on a switch according to the light over the sensor. The light sensor changes 
the resistance according to the light. If we connect the light sensor instead of 
R1 in the last circuit and measure the voltage over the light sensor we can 
know if there is light or not. Please notice that the result of the voltage 
divider formula depends only on the resistance of the resistors, but you 
should pay attention to the current through the resistors. If the sum of the 


two resistors is 1 and the power supply is 5V, the current through the 
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resistors is 5A. This is huge current. When designing a voltage divider you 
should take care for the current through the resistors. It should not be too 
high and it should not be too small in case that you need to use the current 
going out from the connection point between the two resistors. The Total 
resistance of the two resistors should be around 1000Q for most applications 


of voltage divider. 


The description of the resistors so far included two types of resistors: through 
hole and SMT. since through hole package is the most popular for home 


electronic circuits we will use this type of package in the circuits of this book. 


Variable resistors 

Variable resistor has a screw for setting the resistance. This type of resistor 
usually used for volume control and calibrating resistance in the circuit. There 
are two types of variable resistors: 

Potentiometer 


This resistor has a big axis that changes the resistance: 





The picture on the right is a standard potentiometer; the picture on the left is 
an internal part of the potentiometer. This is a strip connected between the 
right and a left terminal, this strip has a fixed resistance and this is the 
maximum resistance of the potentiometer. The terminal on the middle of the 
potentiometer is sliding on the resistance strip; this is how the resistance of 
the potentiometer is set. The resistance between the middle terminal and one 


of the side terminals plus the resistance between the middle terminal and the 
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other side terminal is equal to the resistance between the right and left 
terminal. 

You can use the potentiometer with 3 terminal but most applications use only 
two terminals: the middle terminal and one of the other two. Like every 
resistor, the potentiometer has a maximum power rate. Exceeding the 
maximum power rate can damage the potentiometer. The symbol of a 


potentiometer in the electronic circuit is: 


WV 
di 


You can buy potentiometer with strait terminals or right angle terminals if you 


want the potentiometer to be parallel to the electronic card. 


Trimmer 

Trimmer is a small variable resistor used for fine tuning of resistance in the 
electronic circuit. This resistor has small screw for changing the resistance. It 
is usually used inside the box of the electronic product and set during 
manufacture of the product. The trimmer works the same way as 
potentiometer, it has three terminals. The resistance is measured between 


the terminal on the middle to the other two terminals. 





The symbol of a trimmer in the electronic circuit looks like that: 


ic 


When you buy potentiometer or trimmer you will be asked for the resistance. 
The resistance of a potentiometer and a trimmer is the resistance measured 
between the two edge terminals; this is the maximum resistance of the 


potentiometer/trimmer. 
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LDR (Light Depended Resistor) 
LDR is a component with two terminals that changes the resistance according 
to light intensity above the component. LDR and its symbol in the electronic 


circuit look like that: 





a 


The resistance change of LDR according to light intensity can be represented 
in the following graph: 


Resistance 


Light intensity 


This graph shows that for high intensity light, the resistance of the LDR is 
smaller than the resistance of low intensity. The value of the resistance on 
the graph changes according to datasheet of each LDR. If you want to buy a 
LDR you must measure what is the resistance when there is dark and what is 
the resistance when you point a flash light over the LDR. The popular LDRs 
on the electronics stores are at the range of about 10KQ (light) to 1MQ 
(dark). You can use this component as a light sensor by connecting it as one 
of the resistor of a voltage divider. Try looking for a datasheet of a LDR by 
typing “LDR datasheet” on the internet search engine. Find the following 
parameters of the LDR in the datasheet: resistance range/graph, maximum 


current, maximum voltage, temperature range and dimensions. 
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Electric wire 

Electric wire is used for delivering current around the circuit from on point to 
the other. There are many types of wires and you should choose the best 
wire for your application during the design process according to the following 
parameters: 

Wire resistance: the resistance of a wire is measured between the two edges 
of the wire. The wire resistance is measured at Q/1Km units (the resistance 
for 1Km wire length). Most of the times you do not need to calculate/measure 
the resistance of a wire since the resistance of most of the wires with length 
of around im is very low (less than 19). Just for practice lets see an example 
of a wire with resistance per length of 84Q/Km, the length of the wire is 
10cm=0.0001Km. The resistance of this wire between the edges is 
0.0001*84=0.0084Q. This is a very low and negligible resistance. How can we 
know if this resistance is negligible? Usually the currents in the electronic 
circuit are in the range of 1mA to 1A. We can calculate the voltage between 
the two edges of the wire when the current through it is 1A (1 Ampre). The 
voltage is V=I*R = 1*0.0084 = 0.0084V. Most of the electronic circuits work 
under voltages of several volts. A voltage 0.0084 is a very low and can hardly 


change the operation of the electronic circuit. 


Power supplies are electronic circuits that have large currents (1A-10A), these 
circuits must use wires that can hold high currents, and these wires are thick 
with very low resistance. If you design a circuit with currents of 1A-10A, you 


must consider the resistance of the wires. 


Maximum current through the wire: Every wire has a maximum current it can 
hold. Over current will make the wire hot and can damage it. 

Frequency band width: This is the range of frequencies that the wire can 
transfer without any significant change to signal’s parameters (Vp-p, shape of 
the signal, etc.). Transferring signal with frequencies out of the bandwidth 


can cause an attenuation of the signal (1Vp-p sinusoidal signal with frequency 
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of 100KHz transferred in a wire with bandwidth of up to 10KHz will change 
the amplitude of the signal to less than 1Vp-p). 

The physical structure of a wire defines its resistance, the maximum current 
and frequency bandwidth. There are many types of wires; this book will 
include only those who are relevant for home electronic circuits. When we 
buy a wire we must know the maximum current that this wire can hold by the 
AWG parameter according to tables that can be found on the internet. This is 
a partial table of AWG sizes, you should indicate the AWG size when you buy 


a wire according to the circuits requirements. 






































Maximum Diameter (Q/Km) AWG 
current (A) (mm) Resistance/Km size 
at 20°C 
9.3 2.05 5.208 12 
5.9 1.62 8.282 14 
3.7 1.29 13.172 16 
2.3 1.02 20.942 18 
1.5 0.81 33.292 20 
0.92 0.64 52.939 22 
0.577 0.51 81.197 24 
0.361 0.40 133.856 26 
0.226 0.32 212.872 28 
0.142 0.25 338.496 30 
0.091 0.20 538.248 32 




















Wires types can be divided to several categories according to their 
specification in the electronic circuit: 

Single phone wire: 

This is a wire used for telephone infrastructure. This wire is covered with 
insulating material to prevent short between different wires in the circuit. This 
wire is 22-26AWG size and it is usually used for building circuits over a matrix 
breadboard (right picture below). You can buy this wire on the local 
electronics store. Sometimes this wire is used for a soldering boards like in 


the left picture: 
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WireWrap wire: 
This wire is used for special technique called WireWrap where the wire is 


wrapped on a special pin on the printed circuit board. This wire is 
manufactured in a large range of diameters (22-32AWG) and can by used for 
soldering on a prototyping soldering breadboard too. 

Shielded wire: 

This wire has insulation material over it and another wire that covers the 
insulation material called shield. The shield protects the signal on the center 
wire from noise and other unwanted radiation from other cables around it. 
The shield is usually connected to the ground point of the electronic circuit. 


The following picture shows 5 types of wire: 





. Shielded wire for high frequency signals 
. Thick single wire for high currents, usually used for electricity. 


. phone wire. 


KR U N e 


. Flexible wire. 
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5. WireWrap wire. 
When you buy a wire at the local electronics store you should be asked for 
the following parameters: 
1. Name of the wire (if exist) 
. AWG size 
. flexible or rigid wire 


2 
3 
4. bundled wire or single wire 
5. length 

6 


. Color of insulation. 


Matrix Bread board 

Matrix Bread board helps the circuit designer checking his circuit without 
soldering the components. Bread board is a matrix of spring clips that act as 
junctions in the electronic circuit. Wires and through hole components can be 
connected to the bread board and removed without any damage to the 
component. The bread board is made for testing the electronic circuit before 
building it on a soldering board. The left picture is the bottom of a 
breadboard, you can see the vertical spring clips and another two long spring 
clips on the top and bottom. The picture on the right is the front of the bread 
board; you can see that each vertical spring clip is a junction of up to 5 pins 
of components. The long spring clips on top and bottom made for connecting 
the main power supply voltage of the circuit (and ground). The horizontal gap 


in the middle of the bread board is for ICs (integrated circuits). 
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The distance between two holes in the breadboard is 2.54mm, this is the 


standard pitch of DIP (Dual Inline Package) components like in the following 


iG 


You are now ready to build your first circuit and understand how it works. 


picture: 


Every one that design and build electronic circuits has several tools and 
accessories that can be found at electronics components store. We 
recommend you to buy the basic tools and accessories required for building 
the basic circuits that you will learn in this book. The next book includes some 
complicated circuits that require more tools and components, but for now you 
should buy the following components and tools for the following experiment 
about resistors and multi-meter: 

e Matrix Bread board for experiments. 

e Multi-meter that measures resistance, voltage, current and diodes. 

e Wire cutting tool 

e Five through hole resistors of 1KQ, 0.25W maximum power, 5% 

accuracy. 
e Through hole resistor of 6.8KQ, 0.25W maximum power, 5% accuracy. 
e Two through hole resistors of 100KQ, 0.25W maximum power, 5% 
accuracy. 

e Trimmer of 10KQ. 

e Potentiometer of 1KQ 

e LDR (Light depended resistor) with around 1cm diameter. 

e 3 meter of phone wires for the bread board. 

e Connector for 9V battery. 

e 9V battery. 
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Experiment: Resistance measurement 

This experiment uses the components and tools that you bought. Turn on the 
multi-meter and set the arbiter to resistance measurement at the lowest 
range. Connect the two terminals of the multi-meter together, you can see 
that the resistance of these wires is almost zero. 

Set the arbiter of the multi-meter to a range higher than 10K. Connect the 
terminals of the multi-meter to a 10KQ resistor, what is the measurement 
result? Remember that each resistor has an accuracy range. Connect the 
10KQ resistor to the matrix and connect a 6.8KQ resistor in serial to the 10KQ 
resistor (one terminal of the first resistor is connected on the same column to 
the other resistor terminal). Cut two short phone wires (about 5cm) and 
remove the insulation cover from the edges of each wire. Connect the wires 


to the resistors and to the terminals of the multi-meter as shown here: 





R1=10KQ R2=6.8KQ 
VW 


The multi-meter measures the resistance of two resistors connected in serial. 
The total resistance is 16.8KQ. Set the arbiter of the multi-meter to a 


resistance range higher than 16.8KQ and measure the resistance. 
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Connect the same two resistors in parallel connection on the bread board as 


shown here: 


R1=10KQ 


R2=6.8KQ 





Each terminal of every resistor is connected on the same column of the bread 
board where the other resistor is connected. Measure the resistance and 
calculate it; you should get same result on measurement and calculation of 


two parallel resistors. 


Try measuring the total resistance of a trimmer or a potentiometer by 
connecting the multi-meter to the terminals on the edges of the trimmer. 
Now, connect the multi-meter to the middle terminal of the trimmer and to 
one of the terminals on the edge of the trimmer. Change the resistance of the 
trimmer and check that the multi-meter shows a different resistance. 

Connect the multi-meter to the LDR and measure the resistance according to 


the light at the room. 
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Experiment: ohm's law 


Connect the following circuit on the bread board with 6.8KQ resistor and 9V 


battery with a battery connector: 


nojog Fx) ka 





Set the arbiter of the multi-meter to DC current measure and use the required 


terminal connections on the multi-meter for DC current measure. Measure the 
current and write it on a paper. 


Remove the multi-meter and connect it again as shown here: 
I1 


+ 
Vin=9V R1=6.8KQ 


Set the multi-meter to DC voltage and measure the voltage. It should be the 
voltage of the battery. This is the voltage drop over the resistor because the 
battery is connected in parallel to the resistor. Calculate the resistance of the 
resistor according to ohm's law (voltage divided by current). Now, remove the 
resistor from the circuit and measure its resistance with the multi-meter, is it 


the same calculated resistance? 
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Build the following circuit by adding another resistor (the black wire of the 
battery connector is the negative terminal of the battery): 


Ii R1=10KQ 


“mpojo9 


I 





This is a voltage divider circuit. Measure the voltage on each resistor and 
check that the sum of the two voltages is equal to the battery voltage; this is 


Kirchhoff's voltage law. Remove the two resistors and connect a LDR and a 
10KQ as shown here: 


Tl R1=10KQ 


+ 
Vin=9V 





Measure the voltage over the LDR and check that the voltage changes 
according to light. 
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This is the end of book #1, now you are ready to move forward to next book 
and learn about electronic components, how to use them, how to buy them 


and how to design and build complex circuits on your own. 


The following books include detailed information on most of the components 
used for home electronics. You will learn how to choose an electronic 
component; you will make experiments on almost every component on the 
book. You will learn how to use tools, how to solder and how to build 


electronic circuits: 








Finally you will build your own home electronics laboratory on a special book 


that will help you design, test and build your own electronic circuits: 





www.theelectronicsbook.com 
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